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Improving the performance
of asphalt plant components
by Ricardo Barbosa Damian, CIBER Equipamentos
Rodoviários Ltda. (member of the Wirtgen Group),
Brazil and Marcus Reis, ESSS, Brazil

by Daniel Ribeiro, Gustavo Xavier and Marcus Reis, ESSS, Brazil

PETROBRAS was founded in October of 1953 to
operate in the Brazilian oil sector. The company has
become the country's leader in the distribution of oil
products and is internationally acknowledged as one
of the largest major oil companies in the world
today, leading the sector in the implementation 
of the most advanced deep-water
technology for oil production.
PETROBRAS operates in a
large number countries around
the world.

CENPES, the PETROBRAS research center and
SIX (Shale Industrialization Unit), uses and develops
advanced technologies and is internationally
renowned for its expertise. CENPES Basic
Engineering division and SIX play a fundamental role
inside all areas in PETROBRAS making Brazil one of
the leading countries in oil industry technology. The
CFD research within PETROBRAS is state-of-the-art.

PETROBRAS invests in fluid dynamics to study
the heat and mass transfer that occur in chemical
processes. PETROBRAS’ specialists analyze
Newtonian and Non-Newtonian multiphase flow
from oil wells to distillation columns.

PETROBRAS chose CFX because of its advanced
technology including important physical models for
petrochemical industry such as multiphase, the SST
turbulence model with near wall treatment used for
heat transfer predictions, unstructured meshing
tools, coupled multigrid solver and excellent parallel
performance needed to solve very complex industrial
multiphase flows in a reasonable time. Use of CFX
within the company continues to grow as more
specialists discover CFD. The resulting projects show
the potential of CFX for increasing numbers of
applications.

The successful consulting projects
done in collaboration with PETROBRAS’
Basic Engineering include the
hydrodynamic study of geometry’s influence on
the catalyst flow inside a FCC (Fluid Catalytic
Cracking) regenerator and analysis of several feed
nozzle configurations in distillation columns 
(vacuum and pre flash towers).

Modern, efficient and innovative, CIBER
is located in Porto Alegre, Brazil and has as
its core business the manufacture and sale
of machinery and equipment for road
construction and maintenance.

Experimental development of
portable asphalt plant components requires
time and is an expensive process. In order
to offer products with lower energy
consumption and more compact
dimensions, and that meet environmental
regulations, CIBER chose CFX-5
computational fluid dynamics software to
assist in analyzing many of the complex
processes involved in asphalt production.
These processes include combustion, solids
drying, liquid and solid mixture, solid-air
separation and filtration and pneumatic
transport of particles.

Large quantities of dust are carried by
the exhaustion of combustion gasses
during the drying of aggregate matter
inside the rotary dryer.This dust should be
recovered for the bitumen production
process and environmental regulations do
not allow it to be delivered to the
atmosphere.A large part of an asphalt plant
is taken up by air filtering equipment.

PETROBRAS, a pioneer in the petroleum industry and one of the largest
companies in South America, has recently completed a multi-year contract 
with ESSS in Brazil making CFX the official CFD tool within the company.

ESSS in collaboration PETROBRAS conducted
the 1st CFD Workshop for the oil industry held
March 10th and 11th in Rio de Janeiro, Brazil. The
workshop's main objective was to allow an
effective exchange of information and discussions
among the South American CFD Oil Industry, and
beyond that, to display CFD/CFX work related to

the oil industry.
Ninety-six people including

engineers from PETROBRAS, other
companies and well-known CFD experts

from the academic community attended the
workshop. Thirty-three technical presentations were
given on topics including FCC Risers, Fluidized
Beds, Cyclones/HydroCyclones, Off-Shore
Structures, Combustion, Distillation Columns, Gas
and Oil Pipelines, Reactors, Environmental Flows
and Reservoir Technology. Dr. Alan Burns and Dr.
Michael Raw from ANSYS CFX and Professor Bjorn
Hjertage from Aalborg University in Esbjerg,
Denmark were invited lecturers.

In addition Alan Burns offered a course
entitled “Computational Fluid Dynamics Modelling
of Multiphase Flows” on March 12th and 13th.

This workshop was a first of its kind held in
South America and due
to its tremendous
success, we hope to turn
it into a biannual event.
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A compressible two-fluid model was used for analysis of feed nozzle
configurations in distillation columns. Flow analysis and geometry
improvements for a feed device and flash zone in a vacuum and
preflash tower of a crude oil refinery. It was possible to track the
liquid phase and to foresee the accumulation of this phase in specific
parts of the flash zone above. The results demonstrate clearly the
importance of using a multiphase flow model, and how the
performance characteristics of the designs are quite different.

PETROBRAS CHOOSES CFX

Top: Petrobras refinery.

Inset: A one-phase model with a variable density was used to
simulate the effect of the catalyst presence in the fluid flow and to
help engineers design the new geometry of its distributor. This
approach allowed PETROBRAS to model the real size geometry of
the FCC regenerator with fidelity, including the several internal
cyclones, the bottom part of which is shown in the figures left.

Using CFD allowed
us to simulate how changes in
the design of various dust collection
components would affect component
performance and longevity.We were able
to vary the design of the bag house and
pre separator to maintain and even
improve performance while decreasing
size. In all we analyzed pre-separators such
as cyclones and our own SE, the bag
house, the dust impact mass flow meter
and the rotary dryer.

The computer simulation predictions
of the flow inside these components are
improving their performance, reducing
the energy losses, reducing their
dimensions and providing better
understanding of some critical erosion
points. Even for complex flow fields, the
numerical results are in accordance with
field measurements highlighting the
enormous potential of the CFX on
asphalt plant design. It has reduced the
design cycle and the costs involved.

Left: Two-phase flow inside the SE was modeled to
predict dust collecting efficiency and abrasion intensity.
The simulations showed better dust collecting efficiency
than the cyclone model.

By using
pleated bags

and improving
the airflow

distribution, CIBER
was able to develop a

new bag house that is the
smallest one currently used for

an up to 120 ton/hour asphalt plant.

The bag house model manufactured by CIBER had
internal air distribution problems that caused some of
the filtering bags to have a very short life. Using CFX-5 it
was determined that the non-uniform distribution was
caused by the shape of the air inlet. Bags with high
wear were located in regions of high velocity.

A new inlet for the bag house was designed and iterated
using CFX analysis, until an improved design was found
and implemented. Because of more uniform air
distribution, the efficiency was increased and it was
possible to decrease the size of the bag house and
increase the longevity of the filtering elements.

The maximum dust speed within the SE was not greater
than 30 m/s, the value required for erosion. Experimental
studies validated these results.

The most important impact that CFX brought to
asphalt plant design at CIBER was the ability to
perform analysis in order to maintain efficiency
while decreasing equipment size. The SE was
much smaller than the cyclone with stand.

After using CFX to design more compact 
equipment it was possible to decrease 

the size of an asphalt plant from 
three platforms to a 

single platform.




